A norexia and weight loss are consistent clinical manifestations during acute and chronic inflammatory processes, which are accompanied by decreased quality of life and survival. This change is generally attributed to the increased levels of circulating cytokines such as tumour necrosis factor a, interleukins 1 (IL1) and 6 (IL6).
Leptin, the product of the ob/ob gene, is a secreted peptide derived from adipose tissue that is thought to be a lipostatic signal to brain centres coordinating metabolism. A positive correlation between body mass index (BMI) or body fat mass and circulating serum leptin concentrations has been (fig 1) reported. 1 2 In animals, evidence has suggested that proinflammatory cytokines may up regulate adipocyte leptin production. 3 In humans, increased leptin levels have been reported in acute inflammatory and neoplastic conditions, suggesting that leptin may have a role in the acute phase response. 4 5 Juvenile idiopathic arthritis (JIA) is an inflammatory joint disorder characterised by chronic synovitis and associated with extra-articular manifestations, such as fever, anaemia, lymphadenopathy, pericarditis, uveitis, and weight loss. IL1, IL6, and tumour necrosis factor a are the key cytokines that drive inflammation in JIA and may explain most of the articular and extra-articular manifestations. Because proinflammatory cytokines may up regulate leptin production, it has been suggested that cytokine related anorexia may, in part, be mediated through hyperleptinaemia. As far as we know, no data are available about the circulating leptin concentration in JIA. We aimed at studying the serum leptin levels in relation to disease activity and nutritional status in a cohort of patients with JIA.
SUBJECTS AND METHODS
Our study group included 68 children (25 male, 43 female, mean (SD) age 9.3 (4.4) years) who were affected by JIA and classified according to the Durban criteria. 6 Thirty one had polyarticular, and 37 had oligoarticular onset disease; 6/37 patients with oligoarticular disease had extended oligoarthritis.
Patients were subdivided according to the clinical findings (fever, rash, joint inflammation) and erythrocyte sedimentation rate in a group of 26 patients with active disease and another of 42 patients with inactive disease. Polyarticular arthritis was defined as active in the presence of (a) erythrocyte sedimentation rate .25 mm/1 st h; (b) swelling with reduced range of motion in more than five joints. Oligoarticular arthritis was defined as active in the presence of joint swelling with reduced range of motion in one to four joints.
Twenty five patients with polyarthritis and six with extended oligoarthritis were receiving methotrexate (MTX) treatment. No patients were receiving or had received oral or intra-articular corticosteroids before the start of the study. BMI was calculated as weight/height 2 . Thirty two healthy children (11 male, 21 female; mean (SD) age 9.7 (4.9) years) attending our outpatient clinic for musculoskeletal pain and without signs of inflammation served as controls. Approval was obtained from the ethical committee of Meyer Hospital and parents or guardians gave informed consent.
Venous blood samples were collected in a chilled tube at 08 00 am after overnight fasting. The plasma leptin concentration (ng/ml) was determined by radioimmunoassay (kit provided by DRG Instruments GmbH, Postfach, Marburg, Germany). Results were expressed as mean (SD). The data were examined by analysis of variance and single and multiple regression analysis. Statistical significance was accepted at 5% probability levels.
RESULTS
Patients and controls were of similar age, sex, and height, but they differed in weight (30.6 (14) v 36.9 (14) kg; p,0.04) and BMI (17.3(3) v 19.1 (3) kg/m 2 ; p,0.005) (table 1) . Plasma leptin levels were significantly lower in patients than in controls (8.1 (4.8) v 10.7 (7.3) ng/ml; p = 0.036), but this difference was no longer significant when leptin concentration was corrected according to the BMI of the two groups m 2 ), p,0.009). Leptin concentration correlated positively with BMI in patients and controls (r = 0.552 and r = 0.744, respectively; p,0.0001 for both). In patients, leptin correlated positively also with age (r = 0.407, p,0.0005). Multiple regression analysis indicated that BMI together with sex (p,0.001 for both) were the best predictors of circulating leptin in patients, accounting for 66% of its variance. Some other measures (disease activity and MTX treatment) could be included in the model without a significant change in its strength. In controls, BMI, sex, and age were the best predictors of circulating leptin, accounting for 81% of its variance.
DISCUSSION
This study indicates that leptin production per unit of fat mass is similar in patients with JIA and controls and that the lower BMI found in patients with JIA could account for their low circulating leptin concentrations. Moreover, multiple regression analysis showed that neither the activity of the disease nor the type of onset of disease correlated with circulating leptin concentrations. In agreement with published reports, BMI and sex were the most important independent predictors of plasma leptin levels in patients and controls. Thus, the hypothesis that leptin might be the mediator of anorexia and weight loss in JIA, is not supported by our results. Few studies have examined the correlation between leptin and rheumatic disease and, to date, this is the first report on leptin in JIA. 
Results are shown as mean (SD).
In patients with rheumatoid arthritis (RA), leptin concentrations were found to be similar to those of healthy controls 7 8 and were unrelated to disease activity. Bokarewa et al reported that leptin plasma levels were significantly higher than leptin concentrations in RA matched synovial fluid samples. 9 Plasma and synovial fluid leptin were significantly correlated, but had no relationship with age, sex, and disease duration. Furthermore, patients with nonerosive arthritis had lower leptin concentrations in synovial fluid, suggesting an in situ consumption of this peptide. They concluded that intra-articular leptin might exert a protective effect against the destructive course of RA.
Although leptin levels were reported to be higher in patients with systemic lupus erythematosus than in controls, 10 leptin did not correlate with disease activity index, whereas a positive relationship was found in patients with Behçet's disease. 11 As suggested by Palmer and Gabay in a recent review of the role of leptin in rheumatic diseases, 12 these data indicate that leptin cannot be used to assess disease activity in RA and systemic lupus erythematosus.
Our data are consistent with reports that failed to show increased leptin concentrations in chronic human cytokine mediated disorders such as HIV infection, inflammatory bowel disease, and neoplastic cachexia. In all these inflammatory diseases, plasma leptin concentrations correlated strongly with BMI.
The finding that in our patients low leptin concentrations were not reflected by an increase in body weight may suggest that the hypothalamus is insensitive to low circulating leptin concentrations and that the normal homoeostatic mechanism that protects body weight against losses has been overridden. A similar mechanism has been proposed by Inui for the pathophysiology of the cancer anoroxia-cachexia syndrome. 13 The mechanism of this hypothalamic insensitivity to low circulating leptin levels is not clear, but there is evidence that proinflammatory cytokines may mime the hypothalamic effect of excessive negative feedback signalling from leptin, leading to the prevention of the normal compensatory mechanisms in the face of both decreased food intake and decreased body weight. This appears to be a likely explanation because the leptin receptor is homologous to the gp130 signal transducing molecule associated with the IL6-type cytokine receptor and shares the same post-receptor signalling pathway via activation of the signal transducers and activators of the transcription family, mainly through stat 3 protein activation.
14 Therefore, as stat 3 protein is essential for leptin induced anorexia, the cytokines that share with leptin the same post-receptor signalling pathway could likewise induce anorexia and unopposed weight loss.
In agreement with published reports, 15 girls had higher leptin concentrations than boys despite having similar BMIs. The reason for this difference between the sexes is unclear, but several studies 15 report that girls' fat cells produce more leptin than those of boys with a similar body mass.
In conclusion, our results suggest that weight loss in JIA is not due to an increase in leptin levels. In JIA, circulating leptin levels that are merely a function of the amount of body fat do not reflect disease activity but may be a biochemical marker of patient nutritional status. Further longitudinal studies elucidating the interaction between leptin, proinflammatory cytokines, and acute phase proteins might provide important insights into the pathways involved in energy balance regulation and anorexia in JIA. 
